In 1942, Bernheimer et al., described a partially defined medium which supported growth of the ,3-hemolytic streptococcus. Starting with this medium, Adams and Roe (1945) devised a chemically defined medium which was adequate for the culture of pneumococcus. Improvement in the medium of Adams and Roe (Hoeprich, 1955) resulted from: omission of copper and calcium; addition of L-tyrosine; increase in concentration of iron, potassium, phosphate, glucose, glutamine, asparagine, uracil, adenine, choline, pantothenate, pyridoxine, riboflavin, thiamin, nicotinic acid, and biotin; decrease in concentration of zinc and manganese.
Except for the acid hydrolyzate of casein, all the constituents of this improved medium are chemically defined. This medium is completely dialyzable and supports luxuriant growth of the pneumococcus. These attributes make it the medium of choice for metabolic studies of the pneumococcus, such as C14 labeling of pneumococci (Hoeprich, 1955) . For the preparation of pneumococcal capsular polysaccharides this medium is unsurpassed.
In this report, data are presented evaluating this medium with regard to size of inoculum and repeated subculture. Also, the effect was measured of increasing glucose concentration in the medium after the logarithmic phase of growth had been attained.
MATERIALS AND METHODS
The organism used in these experiments was Diplococcus pneumoniae type II (strain II-A2-4, Immunology Division, Army Medical Service Graduate School, Washington, D. C. merically and metabolically constant source of mouse virulent, capsulated, nonfilamentous type II pneumococci was prepared from this strain in the following manner. After serial passage through three mice, isolation (heart's blood) was accomplished and growth continued by 24 hr incubation in 50 per cent defibrinated rabbit's blood in improved chemically defined medium. Aliquots, sealed in tubes, were quick-frozen and stored in the dry-ice chest. Subsequently, the contents of a tube taken at random were thawed at room temperature, dilutions prepared, and the number of viable units per milliliter estimated by duplicate plate counts. The media were of 3 kinds: 1) improved chemically defined (freshly constituted, and aged for 1 month at 4 C), 2) trypticase-soy medium (obtained from a commercial source and made up as directed by the manufacturer), and 3) the peritoneal cavity of the albino mouse.
The experiments were 3 in number: 1) comparison of growth initiating properties of these media, 2) comparison of the effect of daily subculture in improved chemically defined medium (fresh and 1 month old) and trypticase-soy medium, and 3) determination of the effect on capsular polysaccharide production of increased glucose concentration in improved defined medium. Each experiment can be most clearly related to the results obtained by describing experiment and result consecutively.
RESULTS
The growth initiating properties of two artificial media (freshly prepared, improved chemically defined medium, and trypticase-soy medium) and a living medium (the peritoneal cavity of the albino mouse) were compared using the type II pneumococcus previously described. Decimally decremental doses of these pneumococci (contained in 0.5 ml 1 per cent peptone in 0.9 per cent NaCl solution at pH 7.4), 100 through 0.1 viable units, were inoculated into duplicate tubes containing 10 ml of the artificial media, and into groups of 5 mice (intraperitoneal injection). Survival of the mice for 96 hr was taken to indicate lack of growth of pneumococci. Artificial media were incubated at 37 C; one tube of each pair was exposed to increased ambient CO2 in a candle-jar.
After incubation for 72 hr relative growth in the artificial media was estimated by measurement of optical density in a colorimeter . For optical comparison, the control tube of each series (which had been incubated along with the inoculated tubes) was acidified by adding 5 drops of 5 N HCl, and was taken to have 0 optical density. The improved chemically defined medium cultures were read at 1000 mu, the trypticase-soy cultures at 955 m,u.
For estimation of type II capsular polysac-,charide, the cultures were then centrifuged at 4 C for 1 hr (tip ref 1960 X G) . From aliquots of the supernatant media, serial dilutions were prepared with 0.9 per cent NaCl solution. These dilutions were allowed to react with potent antitype II pneumococcal rabbit antiserum in capillary tubes. The tubes were kept at 37 C for 2 hr and then left overnight at 4 C before reading.
One viable unit was the smallest successful inoculum in all three media (see table 1 ). Pneumococcal growth and polysaccharide production were both considerably greater in improved chemically defined medium than in trypticasesoy medium. While increased ambient CO2 had no discernible effect on cultures in improved defined medium, with trypticase-soy medium, an atmosphere providing increased CO2 consistently made for increased growth.
Daily subculture was carried out 15 times, using a transferring inoculum of 10-5 ml. The media used were improved chemically defined medium freshly made up, improved chemically defined medium aged for 1 month at 4 C, and commercial trypticase-soy medium. Each series served as its own source of inoculum, e. g., 10-5 ml of the preceding day's fresh defined medium was transferred to a new tube of freshly prepared improved medium. The original culture and the 15th subculture were neutralized with 1 N NaOH as needed during growth. One week after final neutralization was required, the cultures were centrifuged for 1 hr at 4 C (tip rcf 1960 X G). The precipitates were washed 3 times with 0.9 per cent NaCl solution; the combined supernatant media and washings were made to 25.0 or 50.0 ml in volumetric flasks. The pneumococcal type II polysaccharide content was determined in duplicate by the quantitative precipitin technique (Kabat and Mayer, 1948) Candle-jar Glucose,gm per lOOmi medium Figure 1 . Effect on pneumococcal type II capsular polysaccharide production of increasing glucose concentration in improved chemically defined medium after cultures have attained the logarithmic phase of growth. In this medium, the optimal glucose concentration for initiation of growth is 1.25 g per 100 ml. accumulated with either fresh or aged defined medium, there was a significant fall in quantity of capsular polysaccharide in the trypticase-soy medium after 15 transfers. The superiority of freshly prepared improved medium in terms of polysaccharide production was consistently found.
Increasing glucose concentration from the concentration previously found to be optimal for initiating growth in the improved medium (Hoeprich, 1955) was evaluated in terms of corresponding polysaccharide production. The improved medium was made up with the usual ingredients of 10 ml medium tubed in a final volume of 8.25 ml. After growth was sufficient to acidify this culture medium3 (phenol red, internal indicator; about 4 hr incubation at 37 C), the required amount of sterile 50 per cent glucose was added, and then sterile distilled water for a final volume of 10 ml. The final glucose concentrations in duplicate cultures were: 1.25 per cent (the concentration previously found optimal for initiating growth in this medium), 2.5 per cent, 7.5 per cent, and 10 per cent. During growth, the cultures were neutralized as needed with 1 N NaOH. One week after neutralization was last required, the cultures were harvested and the capsular polysaccharide quantitatively determined as in the previous experiment; 
